Adding a single gauge singlet and a second Higgs doublet to the original Standard Model allows an explanation of the observed smallness of the neutrino masses using the seesaw mechanism. This model predicts two neutral fermions with vanishing mass. But the one-loop contribution to the neutral fermion masses due to the second Higgs doublet lifts this degeneracy and allows to fit the model parameters to the observed neutrino mass differences. We present the determination of the additional Yukawa couplings that appear in our model by requiring that our model predicts the correct mass differences and mixings in the neutrino sector. 
Lagrangian and parameters of the model
Adding to the Standard Model (SM) with 3 generations a single gauge singlet fermion N R and a second Higgs doublet gives us our model, the 312-νSM, introduced in [1] . For the scalar sector, we get a general Two Higgs doublet model (2HDM), as described in [2] . We use the relations of [2] to express nine real parameters of the Higgs potential by four masses of the physical Higgs particles, and two mixing angles between the neutral Higgses. The remaining parameters are not physical [2] . In this basis, only the first Higgs doublet develops a vacuum expectation value (vev) v.
The seesaw mechanism includes a Majorana mass term
where N denotes the right projection of the Majorana fermion N , C is the charge conjugation matrix, M R is the mass parameter of the singlet, and * Presented by T. Gajdosik at the XXXIX International Conference of Theoretical Physics "Matter to the Deepest", Ustroń, Poland, September 13-18, 2015. 
where we write the generation indices j and k explicitly. Note, that the two Yukawa couplings to the gauge singlet define two (in general independent) directions in the three-dimensional lepton flavour space. Inserting the vacuum expectation value v into the Yukawa Lagrangian Eq. (2), we get the neutrino mass terms written in the interaction eigenstates ν Lj and N . These mass terms are diagonalised by the superpositions
where ζ α are the physical Majorana mass eigenstates with masses m α . The diagonalization can also be written in a matrix form
with the mass matrix
and the neutrino mixing matrix
where
The diagonalization gives the following conditions
The unitarity of U (ν) is guaranteed if a, b, c are orthonormal complex vectors and, in addition, the relation
Using the idea of [1] and implementing it in a similar way as in [4] , we define the overall phase of b to get the scalar quantity d as real and positive. We introduce also the overlap between the Yukawa couplings d :
There is no freedom for d , as it is given by the input of the Yukawa couplings.
Using the diagonalization conditions, Eq. (6), the orthogonality of a, b, c, and the definitions of d and d , we can determine the tree level mixing matrix U (ν) by (1) taking a orthonormal to the two Yukawa couplings, Y
N |, and (3) b orthonormal to a and c:
Assuming
Generating m 2
In an attempt to be more general than [4] , we obtain the formula for the loop correction to the mass of a Majorana fermion, like in [5] [6] [7] [8] . We do not include tadpoles in the contribution from scalars as the tadpole couplings to ζ 1,2 vanish. The predicted mass δm 
where B 0 is the Passarino-Veltmann function, used in the convention of Denner [9] . The definition of q n2 contains the mixing of the neutral Higgses and is taken from [2] :
q 12 = −s 12 − ic 12 s 13 , q 22 = c 12 − is 12 s 13 , q 32 = ic 13 ,
with s 1j := sin θ 1j and c 1j := cos θ 1j , the mixing angles of the neutral Higgses. We set p 2 = m 2 2 = 0. The formula Eq. (12) seems to indicate that the mass m 2 should be proportional to m 4 ∼ M R , but since 3. Using also m 3
The full renormalisation of our model requires knowledge of the mass of the heavy singlet state, which is not measured yet. But we can nevertheless attempt to restrict more model parameters by the additional information available from the neutrino sector, i.e. the second mass difference and the measured values of the PMNS-matrix (for the values see [10] ). The needed additional assumption is formulated in [4] and allows us to calculate δm loop 3 , while estimating the counter-terms from the variation of the parameters appearing in M ν , Eq. (4). The requirement that also the third neutrino, ζ 3 , gives the correct ∆m 2 atm restricts the value of d , the other parameter in the second Yukawa coupling, irrespectively of the neutrino mass ordering. This possibility is shown in the plots presented at the conference [11] .
For small values of the heavy singlet scale, the sub-dominant corrections due to charged particles in the loop can become of the same size as the mass m 3 itself. In this case, they have to be included in a numerical analysis.
Summary
We discussed the constraints of the 312-νSM model parameters. Assuming that the masses of the particles are known, the measured neutrino mass differences define the allowed Yukawa coupling strength between the neutrinos and the Higgs fields.
